ABSTRACT
INTRODUCTION
Road infrastructure is significantly influenced by road freight vehicles, which in practice represents vehicles with a mass exceeding 3.5 tons. Traffic load has an important impact on traffic safety in each country. Under the current economic conditions, many carriers are trying to make savings by reducing the number of transports, and by increased vehicle charges. In this way, the axle load and the overall weight of the freight vehicles exceed the legally permissible values, which on the network of the main and regional roads in Bosnia and Herzegovina on which these overloaded freight vehicles operate, leads to major damage to the roadway, shortening the lifetime of use and endangering road safety. It is therefore, important that the company that manages the road infrastructure carries out regular monitoring and prevention of the occurrence of overloading of freight vehicles by the carrier on the roads in Bosnia and Herzegovina.
Enforcement is a critical element of any plan for controlling vehicle weights. Effective enforcement must assure those who operate in violation of the established limits that it is likely that they will be apprehended and will be given penalties and sanctions of sufficient magnitude to function as a deterrent [1] .
A Federal Highway Administration (FHWA) report [5] suggests numerous possible considerations for station site selection. These include: -Average daily traffic volume; -Percentage of trucks; -Percentage of trucks of each type; -Variations in the percentages of trucks carrying different types of commodities; -Whether there is a seasonable variation in the number of trucks in the ADT, and whether within the season there is a variation in the type of commodities carried; -Relative amount of interstate trips and intrastate trips; -Land use characteristics, adjacent to the station site and at origin and destination of truck traffic; -Ease-difficulty of trucks bypassing the station to avoid being weighed; and -Nearby alternative routes.
Another study [6] suggested some guidelines for identifying general locations or corridors within which stations can be located: -Establish stations on routes with high truck volumes; -Locate stations on major intercity or interregional routes; -For stations on lower order roads, special care
should be taken to avoid locations with atypical traffic conditions; and -Within the above criteria, stations should be located at or near vehicle classification sites or Automatic Traffic Recorder sites wherever possible. A study [7, 22] found that US state weight law enforcement programs were not adequate deterrents to overweight trucking. In response to this, the US Federal Highway Administration (FHWA) developed a threepoint plan: (a) evaluate Weigh-in-Motion (WIM) equipment and promote its use by states, (b) evaluate scale avoidance by trucks that either bypass an open scale or stop and wait until the scale is closed, and (c) develop and test a statistically valid prototype state weighing plan. WIM scales are also used quite effectively to screen trucks on busy highways so that only those trucks that appear to be operating above the legal or statutory weight limits are removed from traffic to be weighted on static or portable scales. The drivers of overweight trucks frequently are warned about weigh stations over citizen band (CB) radios and avoid scales by pulling over to the roadside until the scales are not in operation or by choosing an alternate route [7] .
Truck weight data are routinely collected for estimating the frequencies of each type of truck and year-to-year changes in axle and gross weights. Many studies and practice manuals are directed towards the selection of truck weigh sites based on a statistically-based sampling scheme designed to insure statistical representation. For example, the US Traffic Several studies were conducted to assess and evaluate truck weight regulatory policies and enforcement efforts [2, 3, 11, 12] .
The purpose of a truck weighing program is to enforce legal load limits and thus prevent trucks from damaging roadways and bridges. Essential to truck weight enforcement is the effective combination and deployment of various types of scales (permanent, portable, and semi-portable). Through the use of data collected in truck traffic studies, permanent scales can be located where there are many overloaded trucks, and these scales can be supported by roving portable-scale crews [4] .
The location of sites for permanent weigh stations, semi-portable stations, and supporting portable weigh units is basic for good truck weight enforcement. Many US states have conducted studies to determine the factors that should be considered in truck weigh stations' site selection. Two studies conducted in Georgia, USA, identified the following items to be relevant: road systems and functional classifications, geographic location, traffic volume, season of the year, direction of route, service provided, product being transported, economic status of the transportation zone, and truck traffic patterns [4] .
The US state agencies interviewed in the preparation of NCHRP SYN 82 [4] identified criteria to be used in selecting and evaluating a site after the route and general location have been established by a truck traffic flow study. All the US state agencies recommend that the site be on a segment of highway that trucks cannot bypass.
California is one of the few US states that has prepared criteria for site selection. There, the primary consideration of selecting locations for permanent weigh stations is commercial vehicle traffic volume. The minimum average daily commercial vehicle count, exclusive of two-axle trucks, is set at 600 vehicles per day (both directions) for a permanent platform scale to be installed. Other criteria include considerations such as [4] the following: -Location of other facilities (existing or planned) on other highway routes should be accounted for; -Origin and destination counts should avoid double interception of a sufficient percentage of the commercial vehicle traffic; -Dual inspection facilities on each side of the highway should not be constructed if 80% or more of the trucks would be intercepted at one side of the highway; -Locations that can be bypassed easily must be avoided; -Sufficient land must be available, and -Other local conditions, e.g. utilities availability, climate, should be accounted for.
begin in the Federation of B&H, and 25 percent of trips that begin in the Republic of Srpska, end in the Republic of Srpska and the Federation of B&H, respectively. [20] . Collecting data on the weight of freight vehicles is very important in many aspects including the need for correct dimensioning of the carriageway, road maintenance, bridge design, and the successful implementation of legislation and so on. The three types of data on the weight of freight vehicles are of particular importance: Gross Vehicle Weight, the distribution of the total weight of the axles of vehicles and the equivalent standard axle load for a specific type of vehicle. The dimensions, total mass and axle load of vehicles are determined by the state regulations (Official Gazette of B&H, No. 23/07 of 02. 04.2007 ). An example of the permitted axle load is shown in Figure 1 .
Figure 1 -The permitted axle load in Bosnia and Herzegovina
The truck fleet owners, in an attempt to reduce their unit transportation cost (KM/tonnes-km), have often loaded their trucks to the maximum and to over the capacity. These heavily loaded trucks can cause high costs in terms of maintenance and rehabilitation of the damaged road network as a result of overloading the vehicle. Also, the relative damage depends on the type and number of shafts on each vehicle, as well as the type of carriageway on which the vehicle is moving. Every vehicle that moves along the road network causes current, very little, but still significant deformation on the roadway construction. The total flow of vehicles has a cumulative effect which gradually leads to the deformation of the carriageway and breaks down to a crack. Therefore, the effect of overloading is not felt in one day, but it is quite visible over a certain period of years, and it also affects the road safety [17] .
Monitoring Guide states that the truck weight sample should consist of at least 90 measurements taken over a 3-year cycle with 1/3 of the sample concentrated on the Interstate highway system [1, 13, 19] .
It is obvious from the above review of international criteria for selecting the locations of truck weigh stations that they are generally local in nature and do not provide a macroscopic view of strategic and/or optimum locations [21] .
The truck weigh stations should be located at a limited number of control points on the road network so as to achieve the optimum utilization of available resources and to accomplish the system's objectives [15, 16] . This statement is in some way a general motivation for this paper.
PROBLEM BACKGROUND
Bosnia and Herzegovina (B&H) covers an area of 51.2 thousand square kilometres, with a population density of 75.6 persons/km2. The total population is 3.9 million (2013 Census) with 78% living in urban areas. These cities and towns are connected by a highway network of about 45,000 km in length. The number of freight road vehicles in B&H has doubled in the last decade with more than 86,000 trucks using the highway network for goods movement between and within urban areas. It is expected that the daily volume of transport by trucks will increase more than 80% compared to the year 2010 ( Table 1) . Truck trips in Bosnia and Herzegovina are split roughly into two thirds -one third between rigid trucks (up to three axles) and articulated trucks (trucks with more than three axles).
The pattern of trips is very different between rigid and articulated trucks. In the former type, 70 percent of trips that begin in the Federation of B&H, and 58 percent of trips that begin in the Republic of Srpska, end in the Federation of B&H and the Republic of Srpska, respectively. Conversely, 21 percent of trips that begin in the Federation of B&H, and 32 percent of trips that begin in the Republic of Srpska, end in the Republic of Srpska and the Federation of B&H, respectively.
However, in case of articulated trucks, only 52 percent of trips that begin in the Federation of B&H, and 37 percent of trips that begin in the Republic of Srpska, end in the Federation of B&H and the Republic of Srpska, respectively. Further 23 percent of trips that applying the | 2 test a highly statistically significant difference (| 2 =33.260, p=0.000) for the presence of exceeding relative to truck axles is obtained.
Simultaneously with the data on the measurement of the total mass of freight vehicles, the data on the measuring the axle load has been analyzed according to the types and groups of axles, in accordance with the legislation (Table 3) , which is represented graphically in Figure 3 .
By testing the total overload of the axle (six groups: two to seven axles) and using the Kruskal Wallis test a highly statistically significant difference (| 2 =21.283, p=0.001) of the total overload of the axles was obtained.
Although it was established that the overload compared to the permissible weight of the vehicle can be considered quite high, even more worrying is the reloading value and the degree of overload over the permitted limits for the percentages of group transferred ( Figure 4) .
Lately, every effort has been made to achieve a positive trend of improving road safety in Bosnia and Herzegovina, so that the threat to road safety can be attributed to some extent to the movement of overloaded trucks with excessive axle load and exceeding the permitted gross vehicle weight.
The measurements of the total weight and axle load of freight vehicles on the roads in Bosnia and Herzegovina started with the introduction of static scales to perform the measurement while the vehicle is stationary, or out of traffic, so as to obtain reliable measurement results. These measurements are used in order to determine exceeding the axle load and gross vehicle weight. Data collection was carried out on a total of 45 selected locations for a period of two years, on the whole territory of Bosnia and Herzegovina.
In the reporting period a total of 504 control trucks measuring axle load and total weight were performed, using a static balance, to a total of 45 selected locations. During the control, in 122 cases it was found that the vehicles were overloaded, which represents a total percentage of 24.2% of offenders of the controlled vehicles ( Table 2) .
By using the Mann-Whitney-U-stop releasing test (Figure 2 ) highly statistically significant difference (U=5653.000, z=-12.602, p=0.000) in the total weight of trucks that had an overload (N=122, Md=41.34) of the total weight or axle load in relation to the trucks which had no overload (N=382, Md=34.70) was obtained.
The intensity and quality of this control do not satisfy the actual needs so that the number of offenses in respect to exceeding the weight increases.
Observing the structure of overloaded commercial vehicles in groups of vehicles, the largest percentage of exceedance was recorded in five-axle trucks. By 
Figure 2 -Relation to overload and gross vehicle weight
40%. Based on the information provided to the mean value of the measured overload on the road network in Bosnia and Herzegovina was 12%, while the most common, in 47 cases, was any overload in the range of 10-20%.
MODEL DESCRIPTION
This section describes the model adopted in this paper. In traditional network location theory, the demand for service originates from the nodes of the highway network [10] . However, in our case the demand for service originates from the flow (truckers) travelling on various paths of the highway network. Therefore, the objective is to locate the facilities (e.g. trucks weigh stations) so as to maximize the total flow of trucks that are intercepted during their travel and, at the same time, to maximize the number of trucks to be checked that violate the permitted weight. The term "violation of permitted weight" will be considered in two ways: weight violation frequency and weight violation volume. In our case we applied the simplified deterministic flow-interception model combined with information on the weigh violation characteristics. The problem of locating the truck weigh stations is to define the optimal number of stations on the network with maximum truck traffic flow and covering spots with the highest weight violation (e.g. frequency and volume). Here, the focus is on the deterministic version of the problem where truck traffic flow rates are known. Additional general assumptions of the model discussed here [8, 9, 10, 14, 18] are: -The customers (truckers) make no deviation from their pre-planned tours to visit the facilities. -The weighting program is mandatory and the waiting time of customers (truckers) at facility is not in consideration. -The total number of customers (truckers) are intercepted with at least 85% precision level It may be noted that there are cases where the actual gross vehicle weight is much higher than legally permitted for a certain commercial vehicle category. Extremely high gross vehicle weight above the permitted level may be the cause of grave concern, especially in terms of ability to handle extra heavy commercial vehicles in extraordinary circumstances. As such, additional weight creates risk for trucks and may endanger the safety of other road users. Overload as a phenomenon in the goods transport is seen in almost all countries of the world and is usually an indicator of economic growth, especially in developing countries, such as Bosnia and Herzegovina. On the other hand, we cannot ignore the negative impact on road infrastructure (roads and bridges) and traffic safety when evaluating the potential impacts of overloaded commercial vehicles.
The impact of the flow of vehicles on the road is usually expressed in the number of equivalent traffic load for dimensioning asphalt pavements, according to JUS U.C4.010 of 1981, which increases with increasing axle load vehicles with fourth degree ( Figure 5 ). This means that the case overload of 10% above the permitted weight, makes damage to the pavement by (m-1) approaches infinity, the limiting form of the t distribution is the standard normal distribution. The values of the t distribution for 80% confidence is a=0.20, for 90% confidence it is a=0.10, for 95% confidence it is a=0.05, and so on. To be "95% confident" means that there is a 95% probability that the true population mean lies within the specified confidence interval. If we use the precision level (PL) instead of an error of the mean of the chosen confidence interval (x ̅ −n) and the coefficient of variation (CV) instead of the standard deviation from the previous equation we obtain the number of stations as:
In order to utilize the model and locate n number of truck weigh stations we identified the input factors influencing the choice of truck weigh locations. The chosen input factors are: truck traffic flow rate, number of network nodes, weight violation frequency and weight violation volume. Therefore, the regional number of truck weigh stations is:
where: n i -regional number of truck weigh stations; n -total number of truck weigh stations;
-relative weigh correctional factor;
-Volume Violation Factor. The approach employed to obtain the information on these factors uses the truck count on the major roads accessing the largest cities in B&H, the position of nodes of a network of major roads (Table 4) , and the existing data obtained from truck weight inspection during a two-year period.
All these assumptions are reasonable and fit well in the research problem presented in this paper.
Consider a road network with (N) nodes, truck traffic flow (T tf ), frequency of truck weigh violation (W vf ), and volume of truck weigh violation (W vv ), which are model parameters. The main idea of the model is that the number and location of truck weigh stations depends on the number of road network nodes and the volume of truck traffic flow. The additional factors are: the frequency of truck weight violation and the volume of truck weight violation which played a corrective role in the model. Therefore, the location of truck weigh station (m) is the function of ( , , ,
One of the most important issues related to continuous truck weight monitoring is the number of stations. It is assumed that the truck traffic data population has a normal distribution. Due to the restraints, the number of truck weigh stations must usually be small (n ≤ 30). Also, the mean and variance in the data population are unknown. To determine the minimum sample size needed to obtain some selected level of accuracy, the t distribution is used. The general form of this equation is:
where:
at-(1-a)-th -percentile of the t distribution with (m-1) degrees of freedom; a=-1 -percent of confidence level chosen/100; x ̅ -sample mean; n -population mean; s -standard deviation of the sample; n -sample size (i.e. number of truck weigh stations). The shape of the t distribution is similar to the normal (bell curve) distribution. However, the t distribution has more probability in the tails than the normal distribution. As the number of the degrees of freedom in the risk of traffic accidents, the problem of overloading should be taken very seriously, and the approach to control the measurement of the total weight and axle loads of commercial vehicles are maximally intensified to counter these phenomena, which includes: -Increase the control measures that will reduce the number of unpunished offenders; -Define and implement the optimal number and locations of truck weigh stations that will include mainstream cargo transportation; -Improve the quality of work and cooperation among relevant agencies for roads and police on truck weight control; -The cost of violations (e.g. fines and other actions)
to truckers must increase and should depend on the frequency of the violation and the amount exceeding the weight limit. In this paper, based on the analyzed data on the control of freight vehicles on roads in Bosnia and Herzegovina, a model for determining the locations for measuring the axle load and the total mass of freight vehicles was presented, which would suppress the observed phenomena and protect the road infrastructure. Real case application represents an additional benefit of this research.
In order to utilize the model and locate the optimal number of truck weigh stations we identified the input factors influencing the choice of truck weigh locations. The chosen input factors are: truck traffic flow rate, number of network nodes, weigh violation frequency and weigh violation volume. The approach employed to obtain the information on these factors uses the truck count on major roads accessing the largest cities in Bosnia and Herzegovina, the position of nodes of a network of major roads and the existing data obtained from truck weight inspection during a two-year period. In this work we set the requirement that the precision level must be at least 85% which can be satisfied with 11 truck weigh stations with the proposed locations that guarantee satisfactory coverage of targeted truck traffic flow with the required precision level.
The proposed locations for truck weigh control need not be occupied by permanent static scales because of the posibility for drivers with overloaded trucks to choose alternative routes or wait until the station is closed. Therefore, it could be more appropriate to utilize the Weigh-in-Motion (WIM) scales which will record truck weight and enhance data credibility.
Dr. MIRSAD KULOVIĆ E-mail: m.kulovic@hotmail.com dipl. ing. ZORAN INJAC E-mail: zinjac@putevirs.com dipl. ing. SLAVKO DAVIDOVIĆ E-mail: davidovic.slavko@hotmail.com dipl. ing. IVO POSAVAC E-mail: ivoposavac8@gmail.com Table 5 summarizes the results of having a number of weigh stations ranging from one to the number that meets the required level of precision which turned out to be 21 stations with 90% precision level. However, in this work the requirement was set that the precision level must be at least 85% which can be satisfied with 11 stations. Table 6 shows the number of optimally located truck weigh stations and Figure 7 shows the map of Bosnia and Herzegovina with the proposedlocations of 11 permanent truck weigh stations that guarantee satisfactory coverage of the targeted truck traffic flow with the required precision level.
CONCLUSION
The results of this research have shown the size of the problem of overloaded commercial vehicles on the roads in Bosnia and Herzegovina. What is even more worrying is the degree of overload, which is extremely high, especially in case of 5-axle trucks (58.7%), followed by 2-axle and 3-axle trucks. The research found that the most pronounced level of overload ranges from 10-20% of the permissible total weight. In addition to the damaging impact on the road infrastructure (roadway) and pollution of the environment through the emission of harmful gases, overloading of the vehicles also leads to restrictions on the stability of freight vehicles and the prolongation of the braking distance for overload vehicles. In addition, if the truck is not in good condition and/or the road is wet/slippery, a high level of overload can lead to a fatal outcome in the event of an accident.
Since significant efforts are being made in Bosnia and Herzegovina to improve the road infrastructure through the construction of a new and reconstruction of the existing road network, thus achieving a reduction 
